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[Title of the Invention] 

ALUMINUM NITRIDE-BASED POWDER AND PRODUCTION METHOD 
OF THE SAME 

[Abstract] 

[Object] To provide an aluminum nitride-based powder suitable for 
formation by a doctor blade method, and a production method of the same. 
[Configuration] An aluminum nitride-based powder has: a mean particle 
diameter of 1.5 jam to 5 ^m; the content of a fine particle, having a particle 
diameter of 1 pm or less, of 15% by weight or less; a BET specific surface 
area of 3.5 m 2 /g or less; and a pressurized powder body density of 1.65 g/cm 3 
or more, and contains: 0.5 to 10% by weight of lanthanides in terms of its 
oxide; and 70 to 500 ppm of sulfur as sulfur element. 

[Claims] 

1. An aluminum nitride-based powder having: a mean particle 
diameter of 1.5 |jm to 5 jam; the content of a fine particle, having a particle 
diameter of 1 or less, of 15% by weight or less; a BET specific surface 
area of 3.5 m 2 /g or less; and a pressurized powder body density of 1.65 g/cm 3 
or more, the aluminum nitride-based powder containing: 0.5 to 10% by 
weight of lanthanides in terms of its oxide; and 70 to 500 ppm of sulfur as 
sulfur element. 

2. A production method of an aluminum nitride-based powder 
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according to claim 1, comprising: mixing an alumina powder and a carbon 
powder; firing the mixture in atmosphere containing nitrogen; and removing 
the excess carbon powder after the firing by firing in oxidizing atmosphere, 
wherein 0.5 to 10% by weight of lanthanide compounds are contained in 
terms of oxides in the aluminum nitride-based powder to be produced, and 
sulfur is contained in an amount of 0.1 to 1 parts by weight in 100 parts by 
weight of the carbon. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention particularly relates to an aluminum 
nitride-based powder suitable for formation by a doctor blade method, and a 
production method of the same. 
[0002] 
[Prior Art] 

Aluminum nitride is excellent in heat releasing property since it has 
a thermal conductivity several to ten and several times as high as that of 
alumina and also has high insulating property and, additionally, a thermal 
expansion coefficient close to that of silicon chip. Consequently, aluminum 
nitride has drawn an attention as a material for circuit substrates for 
practically mounting in semiconductor chips and IC packaging materials for 
which high speed, high output capability, multifunctional property, and 
enlargement have been tried to be satisfactory. 
[0003] 
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An alu mi num nitride-based powder used for these materials is 
required to have good sintering property. Accordingly, an aluminum 
nitride-based fine powder has been developed so as to provide good sintering 
property. Further, purification to a high extent has been carried out so as 
to make a sintered body obtained from an aluminum nitride-based powder 
have high thermal conduction. 
[0004] 

A substrate and an IC package, which are practical industrial 
products, are obtained in many cases by forming a powder into sheet-like 
shape by a doctor blade method and firing sheet-like formed bodies to be 
products. However, since the most emphasis has been put on the sintering 
property and the thermal conductivity of the sintered body, a conventional 
aluminum nitride powder cannot be said to be a powder suitable for the 
doctor blade method; therefore, it has been expected for long to develop an 
aluminum nitride powder excellent in formability by the doctor blade 
method. 
[0005] 

[Problems to be Solved by the Invention] 

An object of the present invention, therefore, is to provide an 
aluminum nitride-based powder which is suitable for formation by a doctor 
blade method, and a production method of the same. 
[0006] 

In order to carry out formation by a doctor blade method, it is 
required for an aluminum nitride powder to be a slurry by dispersing the 
powder in a liquid dispersion medium. At that time, a dispersant, a binder, 



plasticizer, a sintering aid and the like are added. 
[0007] 

The mixture obtained in such a manner is subjected to dispersion 
treatment by a ball mill or an ultrasonic dispersion method to obtain a 
slurry in which the aluminum nitride powder is evenly dispersed. The 
slurry is formed into sheet shape on a carrier film by a doctor blade 
apparatus, and dried to obtain a sheet-like formed body with a thickness of 
20 jjm to 2 mm. 
[0008] 

At the time of formation by the doctor blade method, a cracking 
problem sometimes occurs. When a sheet-like formed body is obtained by 
evaporating the dispersion medium from the slurry formed into a sheet 
shape, cracking occurs in the drying step in many cases. The cracking is 
supposed to occur because volume shrinkage is caused by the evaporation of 
the dispersion medium at the time of drying and, consequently, tensile 
stress affects the sheet-like formed body. 
[0009] 

It is required to remove a binder or the like added for the formation 
by firing before the main firing step in sintering process of the sheet-like 
formed body. In the binder removal step, it is required for the binder to be 
easily removed so as to suppress the residual carbon content as low as 
possible. 
[0010] 

The sheet -like formed body is converted to a dense sintered body by 
the sintering process, and the shrinkage ratio in this case greatly affects the 
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precision of a product. That is, when the formed body density is higher, the 
shrinkage ratio at the time of sintering is smaller to give a product with 
better size precision. Accordingly, it has been expected to develop an 
aluminum nitride-based powder from which a high formed body density can 
be obtained. 
[0011] 

As described above, an aluminum nitride-based powder suitable for 
doctor blade formation is required to satisfy many properties. However, no 
conventional aluminum nitride powder which satisfies all of these 
requirements has been made available so far. 
[0012] 

[Means for Solving the Problems] 

Under such a situation, the present inventors have made 
investigations into an aluminum nitride powder suitable for doctor blade 
formation, have found that existence of sulfur can improve the sintering 
property and that coexistence of lanthanide compounds and sulfur in a raw 
material for nitridation reaction gives an aluminum nitride powder suitable 
for doctor blade formation, and have consequently accomplished the present 
invention. 
[0013] 

That is, the present invention provides an aluminum nitride-based 
powder having: a mean particle diameter of 1.5 \im to 5 nm; the content of a 
fine particle, having a particle diameter of 1 pn or less, of 15% by weight or 
less; a BET specific surface area of 3.5 mVg or less; and a pressurized body 
density of 1.65 g/cm 3 or more, the aluminum nitride-based powder 
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containing: 0.5 to 10% by weight of lanthanides in terms of its oxide; and 70 
to 500 ppm of sulfur as sulfur element. The present invention also provides 
a production method of an aluminum nitride-based powder, comprising: 
mixing an alumina powder and a carbon powder; firing the mixture in 
atmosphere containing nitrogen; and removing the excess carbon powder 
after the firing by firing in oxidizing atmosphere, wherein 0.5 to 10% by 
weight of lanthanide compounds are contained in terms of oxides in the 
aluminum nitride-based powder to be produced, and sulfur is contained in 
an amount of 0.1 to 1 parts by weight in 100 parts by weight of the carbon. 
Herein, lanthanides include elements covering from lanthanum (La) with an 
atomic number of 57 to lutetium (Lu) with an atomic number of 71. 
[0014] 

Hereinafter, the present invention will be described in detail. The 
range of the mean particle diameter of an aluminum nitride-based powder of 
the present invention is 1.5 to 5 pm, more preferably 2 to 3 nm. When the 
mean particle diameter is smaller than 1.5 pm, cracking tends to be easily 
caused at the time of drying a sheet-like formed body by a doctor blade 
method, meanwhile when the mean particle diameter exceeds 5 Jim, the 
sintering property is deteriorated. 
[0015] 

The BET specific surface area of the aluminum nitride-based powder 
of the present invention is preferably 3.5 m 2 /g or less, more preferably 2.5 
m 2 /g or less. When the BET specific surface area is higher than 3.5 m 2 /g, 
binder removal becomes difficult to result in increase of remaining carbon 
content after firing for binder removal. When the carbon content increases, 
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it causes an adverse effect on sintering to decrease the sintering density. 
As an aluminum nitride-based powder excellent in binder removal property, 
it is required for the powder to have a small BET specific surface area 
relative to the particle diameter. 
[00161 

The aluminum nitride-based powder of the present invention 
preferably contains fine particles with a particle diameter of 1 pm or less in 
a content of 15% by weight or less. When the content of the fine particles 
exceeds 15% by weight, the binder removal property is deteriorated. 
[00171 

The aluminum nitride-based powder of the present invention has a 
pressurized powder body density of preferably 1.65 g/cm 2 or more, more 
preferably 1.70 g/cm 2 or more. In the case where the pressurized powder 
body density as an aluminum nitride powder to be used for doctor blade 
formation is lower than 1.65 g/cc, many agglomerated particles exist and 
that makes it impossible to obtain a sufficiently high formed body density. 
Herein, the pressurized powder body density means density of the formed 
body formed into a pellet by a die by a pressure of 1000 kg/cm 2 . 
[0018] 

Further, the aluminum nitride-based powder is required to evenly 
contain lanthanides as sintering aids for obtaining a highly dense sintered 
body with a high thermal conductivity. Addition of lanthanide compounds 
before nitridation reaction promotes grain growth owing to the effects as 
sintering aids in the nitridation reaction to make it possible to obtain a 
desired aluminum nitride-based powder. The content of the lanthanides is 
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preferably 0.5 to 10% by weight in terms of their oxides. It is further 

preferably in a range of 1 to 5% by weight. 

[0019] 

When the content of the lanthanides is lower than 0.5% by weight in 
terms of their oxides, the effect as sintering aids is insufficient and no effect 
for grain growth can be expected. Further, it results in deterioration of the 
density and the thermal conductivity of the sintered body. On the other 
hand, when the content exceeds 10% by weight, the grain growth proceeds 
too far extent and agglomerated particles tend to increase. Further, it 
leads to adverse results of deterioration of the density and the thermal 
conductivity of the sintered body. 
[0020] 

The aluminum nitride powder containing the lanthanides as 
sintering aids is required to also contain sulfur in a concentration of 70 to 
500 ppm as sulfur element. When no sulfur is contained, since the 
aluminum nitride-based powder of the present invention has a mean 
particle size as relatively large as 1.5 to 5 pn, although being excellent in 
the formability, the powder will be problematic in terms of the sintering 
property. Accordingly, in the present invention, coexistence of sulfur 
having auxiliary effect for sintering aids is found effective to improve the 
sintering property owing to the synergistic effect with the lanthanides. 
[0021] 

When the content of sulfur is smaller than 70 ppm as sulfur element 
in the aluminum nitride powder, no sufficient effect of sintering is observed 
and when it is more than 500 ppm, the remaining amount of sulfur in the 
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resulting sintered body becomes high and it leads to results of undesirable 
deterioration of the electric characteristics such as the insulating property, 
the dielectric loss and the like of the sintered body in the case the sintered 
body is produced. 
[0022] 

In the present invention, an alumina slurry is obtained by evenly 
dispersing an alumina powder with water, a dispersant, and binder by a 
known method and further adding a lanthanide compound thereto. Next, a 
carbon powder with sulfur or a compound containing sulfur is added so as to 
adjust the amount of sulfur to be 0.1 to 1 parts by weight in 100 parts by 
weight of carbon to obtain a uniform mixture which is dried to produce a 
raw material for nitridation reaction. The raw material for nitridation 
reaction is fired in atmosphere containing nitrogen and, after the firing, the 
excess carbon powder is removed by firing in oxidizing atmosphere to obtain 
an aluminum nitride-based powder. 
[0023] 

Herein, commonly known methods may be employed for the addition, 
mi xing, drying, and firing steps. 
[0024] 

For example, in the case a dysprosium compound is evenly added to 
an alumina powder, a slurry is produced by dispersing an alumina powder 
at pH 8 or more and to the slurry is dropwise titrated an aqueous 
dysprosium nitrate solution and, simultaneously, an alkaline solution is 
titrated so as not, to lower pH 8 or less and precipitate dysprosium hydroxide 
and to the consequently obtained slurry of alumina coated with the 
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precipitated dysprosium hydroxide is added a carbon powder and 
successively the slurry is mixed and dried to obtain a raw material for 
nitridation reaction. Even when another lanthanide compound is used in 
place of dysprosium compound, a similar method may be employed. 
[0025] 

As the dispersant, can be used ammonium polycarboxylates or 
surfactants. 
[0026] 

As the binder, can be used polyethylene glycol or poly( vinyl alcohol). 

[0027] 

As the alumina powder, those having a purity of 99.0% by weight or 
more and an average particle diameter of 0.2 to 4 um may be used. 
[0028] 

As the carbon powder, those having an average particle diameter of 
10 um or less may be used. Generally, acetylene black and furnace black 
can be used. 
[0029] 

Herein, when sulfur is contained in a carbon powder, the carbon 
powder can be used as it is and when a carbon powder in which the amount 
of sulfur is 0.1 parts by weight or less in 100 parts by weight of the carbon 
powder itself is used, it is required to add sulfur as a single element or a 
compound containing sulfur to adjust the amount of sulfur to be 0.1 to 1 
parts by weight in 100 parts by weight of the carbon powder. 
[0030] 

The compound containing sulfur may includes sulfates such as 
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aluminum sulfate, ammonium sulfate and the like and sulfides such as 

calcium sulfide, zinc sulfide and the like. 

[0031] 

The lanthanide compound to be employed may includes oxides, 
nitrites, sulfates, formates and the like. 
[00321 

The raw material for nitridation reaction obtained in such a manner 
is fired in nitrogen atmosphere to carry out nitridation reaction to obtain an 
aluminum nitride-based powder suitable for formation by doctor blade. 
The nitrogen flow rate and the firing temperature at that time affect the 
nitridation reaction. When the nitrogen flow rate is 2 m 3 or more per an 
hour and per 1 kg of the raw materials for the nitridation reaction, an 
aluminum nitride-based powder of the present invention cannot be obtained 
in some cases. When the nitrogen flow rate is 0.05 m 3 or less, the 
nitridation reaction cannot be sufficiently promoted to result in an adverse 
consequence that the alumina particles in the center sometimes remain 
unreacted. 
[0033] 

The nitridation reaction is carried out generally at 1500 to 1800°C, 
more preferably at 1550 to 1700°C. When it is 1500°C or less, the alumina 
particles in the center sometimes remain unreacted and when it is 1800°C 
or more, sintering of the aluminum nitride-based particles proceeds and the 
agglomerated particles are increased to result in an adverse consequence 
that the particle diameter distribution becomes broad and the pressurized 
powder body density is considerably decreased. 
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[0034] 

[Effects of the Invention] 

With respect to an aluminum nitride-based powder of the present 
invention, the powder can provide a sheet, which scarcely causes cracking at 
the time of drying and has a high formed body density, and is thus 
remarkably industrially useful. 
[0035] 

Hereinafter, the contents of the present invention will be described 
practically with reference to examples; however, it is not intended that the 
present invention be limited to the following examples. 
[0036] 

It is noted that the characteristics of powders were measured by the 
following apparatus and methods. 

[The mean particle diameter and the content of fine particles with a particle 
diameter of 1 |im or less] 

Sedigraph E 5000 manufactured by Micromeritics Co., Ltd. 

3 g of an aluminum nitride-based powder was dispersed in 40 g of a 
0.5 wt.% n-butanol solution, Ceramo D-18 produced by Dai-ichi Kogyo 
Seiyaku Co., Ltd., by treatment with ultrasonic wave for 10 minutes and 
subjected to the measurement. With respect to an alumina powder, 3 g of 
an alumina powder was dispersed in 47 g of an aqueous 0.01 wt.% sodium 
hexametaphosphate solution by treatment with ultrasonic wave for 10 
minutes and subjected to the measurement. 
[BET specific surface area] 

A BET specific surface area measurement apparatus: Flowsorbe II 2300 
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model manufactured by Micromeritics Co., Ltd. 
[Oxygen amount] 

An oxygen and nitrogen-in-ceramic analyzer: EMGA-2800 manufactured by 
Horiba Co., Ltd. 

A standard material: a silicon nitride powder R-005 manufactured 
by Japanese Fine Ceramics Association was employed. 
[Pressurized powder body density] 

Using a uniaxial die for a diameter of 20 mm, 3 g of an aluminum 
nitride-based powder was formed into a pellet-like shape by applying 
pressure of 1000 kg/cm 2 without adding a binder and the density thereof 
was calculated from the size and the weight. 

[Sulfur content in carbon powder and aluminum nitride-based powder] 
Fluorescent x-ray analyzer PW 1480 model manufactured by Phillips Co. 

The sulfur content of a carbon powder containing sulfur about 2500 
ppm was quantitatively measured by a wet way chemical analysis and the 
carbon powder was used as a standard reference of the fluorescent x-ray 
analyzer. The sulfur content was also calculated by proportional 
calculation from the pure intensity of Ka-ray of sulfur. 
[0037] 
[Examples] 
Example 1 

In 1900 g of water were dissolved 8.3 g of Noigen EA-137 
manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd., 7.5 g of 
SN-DISPERSANT 5468 manufactured by San Nopco Ltd., and 29.4 g of 
polyethylene glycol (the average molecular weight: 1000) and further 2000 g 
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of an alumina powder produced by Sumitomo Chemical Co., Ltd. (purity: 
99.7% by weight) and having a mean particle diameter of 0.4 pm, a BET 
specific surface area of 8.2 m 2 /g, and a Na 2 0 content of 0.21% by weight was 
added thereto and dispersed by treatment with ultrasonic wave for 30 
minutes to obtain an alumina slurry. To the obtained alumina slurry were 
dropwise titrated an aqueous dysprosium nitrate solution obtained by 
dissolving dysprosium oxide produced by Nippon Yttrium Co., Ltd. in 80 g of 
concentrated nitric acid and 120 g of water. The addition amount of the 
dysprosium oxide was equivalent to 3% by weight in the aluminum 
nitride-based powder to be produced. Simultaneously with the dropwise 
addition of the aqueous dysprosium nitrate solution, concentrated 
ammonium water was dropwise titrated so as to adjust pH around 9.5 and 
82.5 g of SN-DISPERSANT 5468 was also titrated simultaneously to 
suppress the viscosity increase. About 75 g of the concentrated ammonium 
water was required. Furthermore, a solution obtained by dissolving 10.1 g 
of aluminum sulfate (having a sulfur content of 0.30 parts by weight to 100 
parts by weight of a carbon powder) in 100 g of water was added. The 
slurry of alumina bearing dysprosium hydroxide obtained in such a manner 
and 941 g of a carbon powder (acetylene black) having a sulfur content of 
0.0005 parts by weight or less in the 100 parts by weight of the carbon 
powder itself were mixed for 20 minutes by a particle granulator 
manufactured by Fuji-Sangyo Co., Ltd. and the obtained mixture was dried 
at 120°C for 15 hours to obtain a raw material for nitridation reaction. A 
tray made of a graphite was charged with 400 g of the raw material for 
nitridation reaction in a thickness of 15 mm and nitridation reaction was 
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carried out by firing the raw material at 1590°C for 8 hours in nitrogen 
current at a flow rate of 0.38 m 3 per 1 hour and 1 kg of the raw material for 
nitridation reaction. The temperature rising rate was controlled to be 
2.6°C/minute. After the nitridation reaction, firing at 700°C for 2 hours in 
air was carried out to remove excess carbon and obtain an aluminum 
nitride-based powder. The characteristics of the obtained aluminum 
nitride-based powder are shown in Table 1 and Table 2. 
[0038] 
Example 2 

An alumina slurry was obtained in the similar manner to Example 1, 
except the amount of water was changed to be 1600 g. To the obtained 
alumina slurry was dropwise titrated 497 mL of an aqueous lanthanum 
nitrate solution manufactured by Nippon Yttrium Co., Ltd. The solution 
was adjusted to contain 100 g of lanthanum in terms of La203 in 1000 mL of 
the aqueous lanthanum nitrate solution. The amount of the aqueous 
lanthanum nitrate solution titrated was equivalent to 3% by weight in 
terms of lanthanum oxide in the aluminum nitride-based powder to be 
produced. Simultaneously with the dropwise titration of the aqueous 
lanthanum nitrate solution, concentrated ammonium water was dropwise 
titrated so as to adjust pH around 9.5 and 82.5 g of SN-DISPERSANT 5468 
was also titrated simultaneously to suppress the viscosity increase. About 
75 g of the concentrated ammonium water was required. Furthermore, a 
solution obtained by dissolving 10.1 g of aluminum sulfate (having a sulfur 
content of 0.30 parts by weight to 100 parts by weight of a carbon powder) in 
lOOg of water was added. The slurry of alumina bearing lanthanum 
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hydroxide obtained in such a manner and 941 g of a carbon powder 
(acetylene black) having a sulfur content of 0.0005 parts by weight in the 
100 parts by weight of the carbon powder itself were mixed for 20 minutes 
by a particle granulator and the obtained mixture was dried at 120°C for 15 
hours to obtain a raw material for nitridation reaction. Using the obtained 
raw material for nitridation reaction, nitridation reaction was carried out 
and excess carbon powder was removed in the similar manner to Example 1 
to obtain an aluminum nitride-based powder. The characteristics of the 
obtained aluminum nitride-based powder are shown in Table 1 and Table 2. 
[0039] 

Reference Example 1 

Using the aluminum nitride-based powder obtained in Example 1, 2 
part by weight of triolein manufactured by Wako Pure Chemical Industries, 
Ltd. as a dispersant, 10 parts by weight of polyvinyl butyral manufactured 
by Sekisui Chemical Co., Ltd. as a binder, and 5 parts by weight of dioctyl 
phthalate manufactured by Wako Pure Chemical Industries, Ltd. as a 
plasticizer were added to 100 parts by weight of the aluminum nitride-based 
powder and using a mixture of toluene and ethanol at a ratio of 6 : 4 by 
weight as a dispersion medium, doctor blade formation was carried out to 
obtain a sheet-like formed body with a width of 100 mm. No cracking took 
place in the sheet-like formed body at the time of (hying and the formed 
body density was as high as 1.76 g/cm 2 . 
[0040] 

Comparative Example 1 

A raw material for nitridation reaction was obtained in the similar 
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manner to Example 1, except no aluminum sulfate was used in Example 1. 
A tray made of a graphite was charged with 400 g of the raw material for 
nitridation reaction in a thickness of 15 mm and nitridation reaction was 
carried out by firing the raw material at 1660°C for 8 hours in nitrogen 
current at a flow rate of 0.38 m 3 per 1 hour and 1 kg of the raw material for 
nitridation reaction. The temperature rising rate was controlled to be 
2.6°C/minute. After the nitridation reaction, firing at 700°C for 2 hours in 
air was carried out to remove excess carbon and obtain an aluminum 
nitride-based powder. The characteristics of the obtained aluminum 
nitride-based powder are shown in Table 1 and Table 2. 
[0041] 

Comparative Example 2 

In 1800 g of water were dissolved 8.3 g of Noigen EA-137, 7.5 g of 
SN-DISPERSANT 5468, and 29.4 g of polyethylene glycol (the average 
molecular weight 1000) and further 2000 g of an alumina powder having a 
mean particle diameter of 0.4 |Ltm, a BET specific surface area of 8.2 m 2 /g, 
and a Na2<D content of 0.21% by weight was added thereto and further 4.71 
g of a sulfur powder was added and dispersed by treatment with ultrasonic 
wave for 30 minutes to obtain an alumina slurry. The addition amount of 
sulfur was equivalent to 0.50 parts by weight to 100 parts by weight of a 
carbon powder to be mixed later. To the alumina slurry was added no 
dysprosium nitrate or lanthanum nitrate and the slurry and 941 g of a 
carbon powder (acetylene black) having a sulfur content of 0.0005 parts by 
weight in the 100 parts by weight of the carbon powder itself were mixed for 
20 minutes by a particle granulator and the obtained mixture was dried at 
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120°C for 15 hours to obtain a raw material for nitridation reaction. Using 
the obtained raw material for nitridation reaction, nitridation reaction was 
carried out and excess carbon powder was removed in the similar manner to 
Comparative Example 1 to obtain an aluminum nitride-based powder. The 
characteristics of the obtained aluminum nitride-based powder are shown in 
Table 1 and Table 2. 
[0042] 

Comparative Example 3 

In 1800 g of water were dissolved 8.3 g of Noigen EA-137, 7.5 g of 
SN-DISPERSANT 5468, and 29.4 g of polyethylene glycol (the average 
molecular weight 1000) and further 2000 g of an alumina powder having a 
mean particle diameter of 0.4 pm, a BET specific surface area of 8.2 m 2 /g, 
and a Na20 content of 0.21% by weight was added thereto and dispersed by 
treatment with ultrasonic wave for 30 minutes to obtain an alumina slurry. 
Without adding dysprosium nitrate or lanthanum nitrate, to the alumina 
slurry was added 941 g of a carbon powder (acetylene black) having a sulfur 
content of 0.0005 parts by weight in the 100 parts by weight of the carbon 
powder itself were mixed for 20 minutes by a particle granulator and the 
obtained mixture was dried at 120°C for 15 hours to obtain a raw material 
for nitridation reaction. Using the obtained raw material for nitridation 
reaction, nitridation reaction was carried out and excess carbon powder was 
removed in the similar manner to Comparative Example 1 to obtain an 
aluminum nitride-based powder. The characteristics of the obtained 
aluminum nitride-based powder are shown in Table 1 and Table 2. 
[0043] 
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Comparative Example 4 

Using 50 g of the aluminum nitride-based powder obtained by 
Comparative Example 3 and 1 kg of alumina balls with 15 mm<j> were put in 
a wide mouth polyethylene bottle with 1000 mL capacity and dry way ball 
mill pulverization was carried out for 6 hours. The characteristics of the 
obtained aluminum nitride-based powder are shown in Table 1 and Table 2. 
[0044] 

Comparative Reference Example 1 

Using the aluminum nitride-based powder obtained in Comparative 
Example 1, doctor blade formation was carried out in the similar manner to 
Reference Example 1. The formed body density was as low as 1.63 g/cm 3 . 
[0045] 

Comparative Reference Example 2 

Using the aluminum nitride-based powder obtained in Comparative 
Example 4, doctor blade formation was carried out in the similar manner to 
Reference Example 1. Although the formed body density was as high as 
1.80 g/cm 3 , cracking took place at 4 points per 50 cm of the resulting 
sheet-like formed body with a width of 100 mm at the time of (hying the 
sheet-like formed body. 
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